Socio-economic conditions of farmers, especially in the coastal region in Bangladesh, have been severely affected because of climate change. This study was focused on analyzing the farmers' perception of climate change by examining three vital issues: (1) description of the socioeconomic characteristics of farmers; (2) reporting on the perception of farmers experiences with climatic change; and (3) identification of the socio-economic factors associated with farmers' perception of climate change. The study area encompasses three villages within the coastal region (Sathkhira district) of Bangladesh, a geographic region where climate change literature has highlighted as prone to accelerated degradation. A logit model, along with weighted indexes for ranking and descriptive statistics, was used to analyze the result of 100 farmers surveyed by questionnaire. We found that the majority of the farmers (88%) perceived changes in climatic conditions. Almost all farmers indicated increases in temperature, droughts, floods, cyclones, salinity level and decreasing rainfall over the last 20 years. The logit model explained that out of the nine factors surveyed; education, family size, farm size, family income, farming experiences and training received were significantly related and influential factors to perception of climate change. Therefore, government and non-governmental organizations are recommended to push forward with interventions, especially focusing on identified factors, in order to strengthen the farmers' capacity to battle against climate change effects.
Introduction
Bangladesh is considered as one of the most vulnerable countries in the world to climate change because of its geographical location, economic dependence on agriculture, and recurrence of natural hazards [1] . Agricultural production is severely affected by climate change especially in Bangladesh's coastal region, where a large portion of poverty stricken population resides. Sudden natural disasters such as storm surges, floods, droughts, and cyclones are associated with longterm changes in salinity due to sea level rising, landslides which alter the landscape and, in turn, bring new pest insurgence. These are a few of the climate change challenges that farmers in Bangladesh face [2] .
The predicted climate variability of Bangladesh was developed by the National Adaptation Programme for Action (NAPA) in 2008, which was shown in Table   1 . This data predicts a gradual change of three important climate change events that will have tremendous effects on the farming community in Bangladesh. The United Nations Framework Convention on Climate Change developed NAPA to provide adaptive processes for Least Developed Countries (LDCs) urgent and immediate needs to climate change for the most vulnerable countries, or those countries that will incur the highest cost in damages. Bangladesh encompasses most of the priority areas addressed in NAPA, with regards to agriculture, food security, coastal zones, and early warning and disaster management [3] .
The coastal region of Bangladesh has been facing numerous ongoing climatic threats which have resulted in severe damage to agricultural production, while about 70 percent of its people depend on agriculture for their livelihoods [4] . The gross national income per capita for Bangladesh is $1403, just barely breaching the lower middle-income status of the World Bank country classification. An estimated 17% of the Bangladesh's gross domestic product is dependent on the agricultural sector, while majority of the people depend on agricultural production for their incomes and food security [5] .
The socio-economic conditions of the farmers in Bangladesh are some of the most vulnerable in the world to climate change. Therefore, adaptive processes to the effects of climate change are the priority for Bangladesh and crucial to build resilience into the lives of the farmers. But before adaptation, it is necessary to understand the farmers' perception of climate change. Previous literature exist 
Literature Review
Perception is a process of receiving information and stimuli from our surroundings and converting them into psychological responsiveness [6] . Perception of climate change, as a tremendously difficult idea for the farmers, has limited boundaries as the individual's perception differs with the past and present situation [7] . Khan et al. [8] conducted a study in the coastal region of Bangladesh about farmers perception of climate variability and found that farmers who were previously engaged in fisheries are now moving to agriculture crop production. The farmers are reacting to understanding the events of climate change, especially temperature and rainfall.
Haque et al. [9] found that majority of the participants (95%) in Bangladesh have reported that temperature during summer months has increased, while 80.2% participants reported that the rainfall has decreased. They also perceived that climate variability was negatively affecting the agriculture, human health and livelihoods as a whole. There is a significant relationship between small-holders farmers' perception of floods and droughts and adoption of conservation practices such as zero tillage, crop rotations, application of organic fertilizers but the authors found that farmers perceiving conservation agriculture as a climate change adaptation strategy was very low [10] . More experienced farmers have perceived that climate has changed over their working lives but failed to acknowledge how to respond in a way that reduces the effects of climate change on their livelihoods.
A research study conducted by Maddison (2007) also revealed that adaptation of climate change has involved two processes, perception of climate change and then taking a decision, whether to adopt or not [11] . Gbetibouo [12] explained that farmers of the Limpopo River Basin of South Africa perceive climate change impacts as the temperature increased while rainfall has been significantly decreased. Findings also explained that extension services have influenced farmers' perception regarding weather variability, as the extension provides the information the farmers need to choose to adapt or not.
Tiwari et al. [13] showed that average temperatures have increased from 0. 
Research Methodology
The study was carried out in three villages, within the coastal region of Bangladesh. This area was selected because it is prone to frequent natural hazards such as floods and cyclones. Face to face interviews were conducted with 100 farmers in The LPM showed the uniformity of error terms and possibility of getting the probability function result out of 0 and 1. Due to this problem LPM is not logically attractive model for dummy responsive variables. It is better to use Cumulative Distribution Function (CDF) namely logit or probit models when analyzing this type of questionnaire [14] . The probit model is suited to experimental data while logit model is for observational data [15] . The data collected was categorized as observational data. Therefore, a logit model was used to identify the factors affecting the farmers' perception of climate change. Moreover, a logit model will guarantee the estimated probability increases and never cross the range of 0 to 1 [16] .
The functional form of logit model was specified which is as follows:
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For simplicity Equation (1) was expressed as
where, P i is the probability of perception of the farmers the i th respondent and it ranged from 0 -1. were checked for the existence of multicolinearity. For this purpose, the presence of co-linearity was checked for categorical variables using contingency coefficient test. Therefore, age, number of plots and extension contact were omitted from the logistic model after the multicolinearity test.
Results and Discussion

Characteristics of the Respondents
The survey results for personal, economic and social characteristics of the respondents are shown in Table 2 . The results of the questionnaire found that the farmers in the study were on average 42 years, 39 percent had schooling up to twelfth grade, and 48 percent had a medium sized household of five to six members. Two-thirds of the farmers stated that they had 14 to 26 years of farming experience, and 40 percent said they had received training on agriculture and disaster management prior to the survey. See Table 2 for the descriptive statistics.
The average farm size for the farmers surveyed was 1.57 hectare. This was nearly three times that of the national average farm sized of 0.6 hectare. The average annual income of the farmers' in the study area was BDT 238,201 ($3043 US), which is more than the national average of BDT 112,240 ($1403 US) [5] . Arifullah and Haq [17] [18] reported similar pattern of farmers' family income in their study.
The sources of farmers' income stated were mainly crop production, livestock rearing, fish culture and others non-farming activities (e.g. work other than agricultural sector). Non-farming activities include remittances, working at for government organizations and non-governmental organizations and off-farming activities, such as day labor, milling, and post-harvest operations. Shrimp culture proves to be a more profitable enterprise compared to other types of farming in Bangladesh. Since the farms are located in the coastal region (suitable for shrimp culture), this may have been a reason as to why the incomes of the farmers surveyed was nearly doubled the national average.
The majority of the farmers said they had received a line of credit previously and had access to the markets for selling their agricultural products. Just over half of the farmers of the study area (51%) stated involvement in cooperatives.
The highest proportion of the respondents (79%) stated medium to high extension services contact, while only 21% of the respondents reported low contact.
These questions were important because farmers require diverse information ranging from soil and water conservations techniques, production procedures, marketing system, sustainable agriculture, environmental sustainability issues that affect the farmers' perception of climate change.
The majority of the farmers surveyed reported being within the ages of 18 to 50 (86%). Similar findings were found regarding age by Alam; Khan [19] [20];
who reported more than three-fourths of the farmers were in young to middleaged in other locations of Bangladesh that have been researched. The farmers in this study reported that on average completing six years of schooling. Only 27 percent of them reported themselves as illiterate. The literacy rate found in this study was considered relative to the national literacy rate of 61.5% [21] . Khan [22] found a similar type of literacy rate within the farmers he surveyed. However, other studies reported significant illiteracy rates (73.5%) of respondents, especially in newly the accreted land (locally known as char land) area of Bangladesh [23] . It is expected that education as one of the crucial factors affecting the farmers' perception of climate change. Additionally, the average families sized of the farmers reported to be 4.93, which is more than national average of 4.50 [24] .
On average the farmers reported about 20 years farming experiences of the farmers. This was important to understand that the farmers surveyed have sufficient experience with the changes in climate and weather patterns and the subsequent effects on their decision making and output. It was found that experienced farmers will respond better regarding the climate change events specifically the changing pattern of temperature, rainfall, occurrences of natural hazards such as floods, cyclones, droughts, salinity etc. [25] . Data presented in Table   2 indicate that less than half of the farmers were received training while more than half were not receiving training. Farmers who receive training can employ their skills to tackle various uncertain circumstances.
Farmers' Perceptions on Experiencing Climate Change
The respondents of the study were asked a dichotomous ("yes/no" response) question about whether or not they had experienced changes in the climate of the region within the past 20 years. After their initial response, the farmers were asked about their perceived experience in relation to a series of climatic events commonly associated with global climate change effects in Bangladesh (according to the literature reviewed). They could respond selecting the following; experienced decreases, increases, no change, or they did not know, in the occurrence of the event. Figure 1 reports the responses to the first question. It was found that 88%
of respondents indicated that within the last 20 years they have experienced climatic change events. Table 3 reports the farmers' response to individual climatic events. Here, all respondents indicated that they had experienced increases in temperature, droughts, flooding, cyclones, and soil salinity. Across all events, at least 80% or more re- output. These results may also prove vulnerable conditions of the coastal area in Bangladesh due to the climate change effects. The studies conducted by Dhaka et al. [26] found a significant number of farmers believe that temperature was increased while the precipitation was decreased. Besides, similar findings have been reported over the same two decades in these studies in Ethiopia ( 
Econometric Estimation of Determinants of Farmers' Perception of Climate Change
The contingency coefficient test was applied before the data analysis to diagnose colinearity and omit independent variables that were highly dependent and strongly correlated to each other, see Table 4 . Multi-colinearity was observed between farming experience and age, extension contact and education, the number of plots and farm size, family income and farm size, family income and number of plots, and extension contact and cooperative involvement.
Generally, it is predicted that there should be a positive relationship between family income and farm size. Therefore, both were considered in the logit model reported here, instead of excluding them from the analysis. The model was run with these items omitted and the econometric estimates in those simulations were found to not have significantly changed from the model which maintains family income and farm size. Only age, extension contact, and the number of plots are omitted from the logistic regression model in determining factors affecting the farmers' perception of climate change and shown in Table 5 .
The logistic regression model results (Table 5 ) explain that education is positive and significantly related to the perception of climate change (at 5% level). This Family size was negative and significant (at the 10% level) when related to farmers' perception of climate change. However, the negative sign on this relationship was contradictory to what the researchers would have thought. These findings indicated that with increasing size of the family, the probability of farmers' perception of climate change decreased. Prior to this study, it was expected that the sign of the variable family size would have a positive, the logic being that large family size makes more interaction among the family members, which increases the perception of climate change. Moreover, the results indicated that larger family size had less probability of perceiving of climate change than smaller family size. It is may be the larger family numbers interact less with each other, have less access to extension contact, are unable to attend training programs, and/or rather act as labor forces. Similar findings have found in other studies [34] [35] [36] .
There was a negative and significant (at the 5% level) relationship between farm 
Conclusion and Recommendations
The findings from this study revealed that the majority (88%) of the farmers in the study area perceived changes in climatic conditions, whereas only 12% did not. Almost all farmers reported increases in temperature, droughts, floods, cyclones, salinity level and decreasing the rainfall over the last 20 years. Increasing temperature along with decreasing precipitation may enhance the water scarcity from resulting droughts which will affect crop production. The logit model explained that out of the nine factors surveyed; education, family size, farm size, family income, farming experiences, and training received, were found to be significantly related to the farmers' perception of climate change and indentified as influential factors of farmers' perception of climate change. Respective authorities, especially government and non-government organizations, should create policy measures that consider these influential factors of farmers' perception of climate change. This, in turn, may have a significant contribution to farmers' reducing the risks that they lose against climate change effects. The policy measures may be focused on capacity building of the farmers, institutional supports, easy way-out of receiving support from the concern authorities, ensuring the accountability of the supportive staff who have been working with farmers intensively.
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